I. The Method
In this section we describe the procedure for writing out the equations for the small signal analysis about the "frozen operating point."
Suppose we have a nonlinear network or system described by x = f(x,u)
x(0) -0 (1) where x(t) £lRn, u(t) G IRm and f: IRn x lRm -»-lRn. A circumstance often encountered in practice is that where the input u can be written as 
For simplicity, we assume throughout that the network starts from zero initial conditions. The solution of (1) is then written as x = x + £ (3) where x is presumably "slowly varing" and £ is presumably "small." Sub stituting (3) in (1) and using (2) gives, after Taylor expansion,
where D.f denotes the derivative of the vector-valued function f with respect to its i argument. Given suitable restrictions on f, g is of second order in £ and u, hence by neglecting it, we obtain the linearized equations Let us sketch out another small-signal analysis which makes explicit use of the slowly varying character of u. For each t, calculate the frozen operating point xQ(t) by solving f(xQ(t), u(t)) = 0
For simplicity, we constrain u(0) to be such that xn(0) = 0. Physically, Xg(t) is the operating point that would exist if the bias were constant and had the value u(t). In many applications, the frozen operating point is easy to calculate. Indeed, in contrast to the differential equation (2) Differentiating (6) with respect to t and using the chain rule, we
This last equation defines v(t). To perform our small-signal analysis about the frozen operating point x~(t), we write x« xQ + n (9)
Substituting (9) in (1), using (6) and (8) we obtain by Taylor expansion
where y represents the higher order terms. Neglecting y9 we obtain the (linearized) equation
V<Dif)(x0,»>no+(I>2f)(v»>u~v (11)
Note that from (1), (6) 
A2. Let (D.f), -v = A(t), (D.f) ( -v = B(t). We assume that

Fig. 1, the small-signal inductances and capacitances belong, for all operating points, to the interval [a,b], with 0 < a < b < «>, then the assumptions A2
are satisfied.
Let <5x(t) = x(t) -xQ(t) V t > 0 (15)
• given explicit bounds on ||a|| [5] 
Assertion 1. Suppose that Al, A2, A3 and A4 hold and that ||u| | is small, then ||6x|| is also small and of the same order as ||u||. To show that we differentiate (15), use (8), (6) and Taylor's expansion: 6x(t) = A(t)6x(t) -v(t) + g(6x,t)
to prove the fact that if ||A| | is small then, under the assumptions A2 (a) and (b) and A4, the state transition matrix of x = A(t)x is uniformly exponentially bounded; more precisely for some positive constants m and a_, -a (t-T) |*(t,T)| <bG * \/t>T, T >_ 0 (19)
This fact together with Theorem I of [1] Then £, the (exact) small-signal response about the operating point x (see eq. (4)), and C just defined are related by
i.e. £ and £ are equal except for higher order terms in ||u|| + ||u||.
To establish this fact is easy: from (3), (9) Comparing the differential equations (11) and (20), we see that if we put C = n0 -6xQ (26) then C satisfies eq. (23). Therefore Assertion 2 is established.
Conclusion
To calculate the (exact) response x (defined by (1)) we have two methods, First, the conventional method of small-signal analysis: we write x = x + £, solve the differential equation (2) 
WZ7.
In the time-invariant network shown above, the four inductors arid the three capacitors are nonlinear. If the resistors R, and Ro are equal, the "frozen" operating point corresponds to an equal current flowing through the four inductors and an equal voltage across the three capacitors. Clearly the frozen operating point
